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D e p a r t m e n t  o f  A p p l i e d  P h y s i c s  
R o y a l  M e l b o u r n e  I n s t i t u t e  o f  T e c h n o l o g y ,  

124  L a t r o b e  S t r e e t ,  M e l b o u r n e .  V i c t o r i a ,  3DOC, A u s t r a l i a  

S m s l l  a n g l e  X - r a y  s c a t t e r i n g  has been  w i d e l y  u s e d  i n  t h e  p a s t  t o  
s t u d y  t h e  s t r u c t u r e  o f  p o r o u s  m a t e r i a l s .  The i n t e r p r e t a t i o n  o f  t h e  
s c a t t e r i n g  d a t a  has been  u s u a l l y  been  i n  t e r n s  o f  m o d e l s  based  upon 
d i s c r e t e  p o r e s  ( 1 ) .  As i t  i s  n o w  r e c o g n i z e d ,  s u c h  m o d e l s  a r e  
i n a d e q u a t e  t o  d e s c r i b e  a comp lex  s y s t e m  s u c h  a s  c o a l  and i n  t h i s  
p a p e r  we p r o p o s e  t o  i n t e r p r e t  t h e  X - r a y  s c a t t e r i n g  f r o m  b rown  c o a l  i n  
t e r m s  o f  f r a c t a l  c o n c e p t s .  

The use  o f  f r a c t a l s  t o  d e s c r i b e  n a t u r a l l y  o c c u r r i n g  g e o m e t r i c  f o r m s  
( 2 )  has  l e d  t o  t h e  r e c e n t  i n t r o d u c t i o n  o f  f r a c t s l  t h e o r y  t o  d e s c r i b e  
t h e  s c a t t e r i n g  f r o m  pc j rous s u b s t a n c e s .  A f r a c t a l  i n t e r f a c e  d i s p l e y s  
s e l f - s i m i l a r i t y  a t  d i f f e r e n t  s c a l e s .  E l e c t r o n  m i c r o g r a p h s  a t  
d i f f e r e n t  m a g n i f i c a t i o n s  s h o w  t h a t  b r o w n  c o a l  a p p e a r s  t o  b e  
p r e d o m i n a n t l y  f r a c t a l  i n  s t r u c t u r e  ( t h e  e x c e p t i o n s  b e i n g  t h e  
o c c a s i o n a l  l a r g e  f o s s i l i z e d  s k e l e t a l  remnan t ) .  As p a r a m e t e r s  s u c h  a s  
t h e  s u r f a c e  a r e a  a r e  n o t  u n i q u e l y  d e f i n e d  f o r  a f r a c t a l  i n t e r f a c e  i t  
i s  n e c e s s a r y  t o  use more r e l e v a n t  p a r a m e t e r s  s u c h  as t h e  f r a c t a l  o r  
H a u s d o r f f  d i m e n s i o n  t o  c h a r a c t e r i z e  a f r a c t a l  i n t e r f a c e .  T h e  
H a u s d o r f f  d i m e n s i o n  i s  a measure  o f  t h e  i r r e g u l a r i t y  o f  t h e  i n t e r f a c e  
a n d  v a r i e s  b e t w e e n  2 f o r  a s m o o t h  i n t e r f a c e  t o  3 f o r  a r o u c j h  
c o n v o l u t e d  i n t e r f a c e .  V a r i o u s  s c a t t e r i n g  s t u d i e s  o f  c o a l  and  o t h e r  
p o r o u s  m a t e r i a l s  e x h i b i t  a power l a w  dependence  upon  a n g l e  and  t h i s  
has  b e e n  i n t e r p r e t e d  a s  b e i n g  a r e s u l t  o f  t h e  m a t e r i a l ' s  f r a c t a l  
p r o p e r t i e s .  T h e  f r a c t a l  d i m e n s i o n  can b e  c a l c u l a t e d  d i r e c t l y  f r o m  
t h e  power  l a w  dependence  and t h e  e x t e n t  o f  t h e  i n t e r f a c e  can  be 
d e t e r m i n e d  f r o m  t h e  i n t e n s i t y  o f  t h e  s c a t t e r i n g .  

F i g u r e s  1 and 2 show t h e  s c a t t e r i n g  c u r v e s  f o r  s o l a r  d r i e d  b r o w n  c o a l  
s l u r r i e s  w h i c h  have  u n d e r g o n e  t w o  d i f f e r e n t  samp le  p r e p a r a t i o n  
p r o c e d u r e s .  The l m m  t h i c k  samp les  h a v e  been embedded i n  p l s s t i c  ana 
p o l i s h e d  u n t i l  t h e  c o a l  s u r f a c e  has been exposed.  From t h e  b e s t  f i t  
t o  t h e  s c a t t e r i n g  d a t a  i n  t h e  a n g u l a r  r a n g e  0.4 t o  6 mrad  we have 
d e r i v e d  v a l u e s  f o r  t h e  H a u s d o r f f  d i m e n s i o n  o f  2.35 and 2.44. T h i s  i s  
somewhat l o w e r  t h a n  t h e  v a l u e  o f  2.56 r e p o r t e d  f o r  N o r t h  A m e r i c a  
l i g n i t e  ( 3 )  and s u g g e s t s  tha; t h e  s t r u c t u r e  o f  V i c t o r i a n  b r o w n  c o a l  
i s  l e s s  c o n v o l u t e d  and more  g r a p h i t i c "  t h a n  N o r t h  A m e r i c a n  l i g n i t e .  
I t  was a l s o  f o u n d  t h a t  t h e  i n t e n s i t y  o f  s c a t t e r i n g  f o r  t w o  samp les  o f  
compac ted  s o l a r  d r i e d  s l u r r i e s  d i f f e r e d  by  a f a c t o r  o f  1 0  p r o c e d u r e s .  
T h i s  s u g g e s t s  t h a t  t h e  e x t e n t  o f  t h e  i n t e r f a c e  d i f f e r s  b y  
a p . p r o x i m a t e l y  1 0  e v e n  t h o u g h  t h e  H a u s d o r f f  d i m e n s i o n a l i t y  d e r i v e d  
f r o m  t h e  s c a t t e r i n g  c u r v e s  f o r  t h e  t w o  samp les  a r e  n o t  m a r k e d l y  
d i f f e r e n t .  

The c o r r e l a t i o n  o f  t h e  measured  H a u s d o r f f  d i m e n s i o n s  w i t h  p h y s i c a l  
p r o p e r t i e s  o f  c o a l  w i l l  be an i n t e r e s t i n g  avenue f o r  e x p l o r a t i o n  i n  
t h e  f u t u r e .  
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